In this study, we aimed to investigate the effectivity of ultrasonographic elastography in the differentiation of benign and malignant lesions detected on B-mode ultrasonography. The retrospective study included 133 consecutive patients who underwent B-mode USG followed by elastography between January 2013 and December 2015. The lesions were scored by using B-mode USG with breast imaging-report and data systems (BIRADS) and then sonoelastographic color-coded maps were obtained by elastography in a single session. Sonoelastographic scoring was achieved with a 5-point scoring system. Elasticity scores and strain ratio (SR) values were compared with histopathological findings. The 133 patients included 132 (99.2%) women and 1 (0.8%) man. Mean age was 40.45±14.8 years. The lesions were mostly localized in the left breast (n=70, 52.3% vs. n=63, 47.7%). Depending on the pathological findings, 94 (71.2%) lesions were classified as benign and 39 (28.8%) as malignant. Mean SR value was 4.419±1.43, with 5.5 in malignant lesions and 4.3 in benign lesions. At the cut-off value of 4.95 for SR, the sensitivity and specificity of USG in elastographic examination were 81.6% and 78.7%, respectively. A significant correlation was found between the SR value and the BIRADS score calculated on USG (rho=0.86; two-tailed; p<0.001). Similarly, a significant correlation was found between the SR value and the elasticity score (rho=0.88; two-tailed; p<0.001).
Introduction
Mammography and ultrasonography (USG) are the gold-standard imaging methods used in the evaluation of breast masses. However, both methods are limited since mammography can lead to false-negative results in dense breasts and USG has low specificity. Sonoelastography is a USG-based technology used for the evaluation of tissue elasticity and characterization of lesions. Elastography resembles the conventional practice of examination with hand palpation and it is more sensitive and less subjective. Elasticity refers to the ability of tissue to return to its original shape and size after the removal of the external tension causing deformation of the tissue. Tissue deformation is inversely correlated with tissue stiffness.
Adipose tissues undergo greater deformation when subjected to compression but return to their original shape and size quicker than fibrous and malignant tissues. Tissue elasticity is measured by the analysis of the echo signals acquired from the tissue during repetitive compressive movements of the transducer (1) . The stiffness of the tissues investigated on strain elastography can be assigned different color-coded or gray scales based on their strain properties. In general, stiff tissues are coded in shades of blue, soft tissues in shades of red, and tissues with average stiffness in shades of green. Strain ratio (SR) is the ratio of the strain value of the tissues surrounding the investigated tissue to the strain value of the investigated tissue. The SR value is generally higher in stiff tissues since they undergo less compression and deformation compared to surrounding tissues. The SR value is accepted as a criterion for the comparison of the elasticity of different lesions (2, 3) . Malignant tissues tend to be 100 times more elastic than normal tissues. Depending on this fact, the diagnostic compression technique has been developed. During compression, normal tissues become smaller, whereas malignant tissues appear larger since they are relatively less elastic (4, 5) . Benign and malignant lesions can be differentiated by evaluating the contour features, size, color, strain ratio values, and the appearance of the lesions (5) . In this study, we aimed to investigate the contribution of strain elastography to conventional USG in the differential diagnosis of benign and malignant breast masses.
Material and methods
The retrospective study included 133 consecutive patients who were admitted to Van District Training and Research Hospital Radiology Department and underwent B-mode USG followed by elastography between January 2013 and December 2015. The study protocol of the research was reviewed and confirmed by the local ethics committee. A written consent form was obtained from each patient. Sonography and elastography results were recorded for each patient. The sonography results were compared with those obtained by fine-needle aspiration (FNA) and tru-cut biopsy (TCB). B-mode USG and elastography were performed by using Toshiba Aplio 500 Ultrasound System (Toshiba Medical System) and conventional USG and elastography were performed by using a high-resolution linear 7-12 Mhz transducer. The lesions were evaluated on B-mode USG followed by elastography in a single session by a radiologist experienced in breast ultrasonography. All the radiological images were recorded on the hard disk of the USG device. Radiological examination was performed prior to percutaneous biopsy and stereotactic biopsy. The patient was placed in the supine position prior to the sonoelastography procedure. Following the centralization of the lesion, rhythmic compression-decompression maneuvers were performed with the USG transducer perpendicular to the lesion, skin, and neck. Mild compression was applied to skin with the transducer to enable favorable compression for sonoelastographic images. Elastography was performed after the administration of B-mode USG. The results obtained by both methods were evaluated both separately and together. The results obtained by conventional USG were classified based on the breast imaging-report and data system (BIRADS) (6, 7) . Accordingly, the lesions in category 2 were accepted as benign, category 3 as most probably benign, category 4 as lesions with suspicious abnormality, and category 5 as lesions with highly suspicious of malignancy. On elastography, "Strain ratio" and "Strain pattern" of the tissues were evaluated by using "Specific preset" settings. The scoring of strain pattern was conducted based on the Tsukuba scoring method developed by Itoh et al. (7) . In this method, score 1 indicates completely green color-coded lesions with a soft and loose structure, score 2 indicates lesions coded in blue and green mosaic and their heterogeneously distributed soft-stiff internal structure, score 3 indicates lesions coded in blue in the center and green in the surrounding areas suggesting that the center of the lesion is harder and the outside is softer, score 4 indicates completely blue color-coded lesions suggesting that the entire structure is stiff and tight, and score 5 indicates blue encoding of a region that is larger than that of the size of the lesion, involving the lesion and its peripheral tissues, suggesting that the internal structure of the peripheral tissue is stiff due to the lesion and the desmoplastic reaction. Moreover, cystic lesions exhibit a unique "BGR" pattern of blue, green and red color-coding (Figure 1a , b). The strain ratio was acquired as the numerical value calculated by the division of the strain value of the adipose tissue to the strain value of the lesion. Accordingly, the scores of 1, 2 and 3 indicated benign lesions and the scores of 4 and 5 were accepted to indicate malignant lesions. Since the strain ratio is a quantitative method, a cut-off value was defined for this method (7) . Strain ratio (SR) value was calculated for each lesion. The SR value was accepted as the ratio of the elasticity value of the surrounding area to the elasticity value of the investigated tissue. During the calculation of the SR value, a region of interest (ROI) large enough to cover the area was placed on the area to be compared and the ratio of the reference ROI to the first ROI was obtained by measuring the ROI from the reference tissue that is on the same alignment. The size of the ROI cursor was adjusted according to the size of each lesion. However, the size of the ROI cursor has no standard reference value and has been shown to have no effect on the measurement results (8) . The cursor was placed on the maximum areas of stiffness to obtain the highest SR value. Scoring of the sonoelastographic images and the measurement of the SR values were performed by a single radiologist blinded to the histopathologic diagnosis of the patients. The elasticity scores and the SR values were compared with histopathologic findings. Statistical Analysis: Data were analyzed using SPSS 20.0 (IBM Corp., Armonk, NY, USA). Normal distribution of continuous variables (age and SR value) was analyzed by using visual methods (histograms and probability distribution charts) and a nonparametric test (Kolmogorov-Smirnov test).
Descriptive statistics were represented by mean and standard deviation (SD) for age, by median and minimum-maximum for the SR value, and by frequencies and percentages for the categorical and nominal variables. Differences between the SR values of benign and malignant lesions were compared by using Mann-Whitney U test. The relation of BIRADS and elasticity scores with the differentiation of benign and malignant lesions was analyzed by using chisquare test, followed by Fischer's exact test as needed. The sensitivity and specificity of the SR value in the differentiation of benign and malignant lesions was analyzed by using receiver operating curve (ROC) analysis. Correlation between the SR value and the categorical variables was determined by Spearman's rank correlation coefficient. A p value of <0.05 was accepted significant.
Results
The 133 patients included 132 (99.2%) women and 1 (0.8%) man. Mean age was 40.45±14.8 years. The lesions were mostly localized in the left breast (n=70, 52.3% vs. n=63, 47.7%). Pathological results were as follows: fibroadenoma, n=63, 47.7%; invasive ductal carcinoma, n=36, 27.3%; mastitis, n=12, 9.1%; simple cyst, n=10, 7.6%; fibrosis, n=6, 4.5%; epithelial hyperplasia, n=3, 2.3%; invasive lobular carcinoma, n=1, 0.8%; medullary breast carcinoma, n=1, 0.8%. Depending on the pathological findings, 94 (71.2%) lesions were classified as benign and 39 (28.8%) as malignant. Table 1 presents the BIRADS scores, elastography scores, and SR values for benign and malignant lesions. (Figure 2 ). The cutoff value for SR value was accepted as 4.95 in ROC analysis (Figure 3 ). At this value, the sensitivity and specificity of USG in elastographic examination were 81.6% and 78.7%, respectively ( Table 2) . A significant correlation was found between the SR value and the BIRADS score calculated on USG (rho=0.86; two-tailed; p<0.001). Similarly, a significant correlation was found between the SR value and the elasticity score (rho=0.88; two-tailed; p<0.001). Table 2 presents the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy rates of BIRADS, elastography, and the SI. As seen in the table, although the PPV of elastography was lower than that of BIRADS, the PPV of SR was higher than that of BIRADS and elastography. Similarly, the accuracy rate of the SR was higher than that of BIRADS and elastography.
These findings indicate that the SR is an important diagnostic tool in patients presenting with a breast mass and an SR value of over 4.95 indicates a high risk of malignancy.
Discussion
Breast cancer in women is most commonly seen in patients aged 40-60 years in the world (9) . Moreover, it is the most common type of cancer in women (18%) and the lifetime risk of developing breast cancer is 7-10% (10). For these reasons, early diagnosis and treatment of breast cancer has been extensively studied in the literature. B-mode ultrasonography, breast masses can be evaluated based on their morphological features (11) . Another recent development is a novel method known as elastography (12, 13) . Differentiation of benign and malignant lesions can be performed by evaluating the contour features, size, color, strain ratio values, and the appearance of the lesions (14) . Sonoelastographic evaluation of breast masses is often performed by using the Tsukuba scoring method developed by Itoh et al (7) . In our study, we also used this method in the evaluation of our patients. The reported specificity and sensitivity of this method range between 70-99% and 35-97%, respectively (15, 16) . Similarly, the specificity and sensitivity of this method in our study were 78.7% and 81.6%, respectively. These findings indicate that our study was consistent with most of the studies using this method in the evaluation of breast masses. Moreover, both our study and previous studies have shown that the use of sonoelastographic examination with a 5-point scoring system following the USG examination with B-mode ultrasonography can be a complementary diagnostic method for USG that increases the specificity of USG. Literature shows that BIRADS III and IV lesions are the most controversial lesions for the differential diagnosis of breast masses and most of these lesions are benign tumors. Moreover, the unnecessary biopsies performed for these lesions result in high medical costs around the world (15, 17) . In such cases, the use of novel complementary methods following B-mode USG can be useful in the detection of benign lesions, thereby leading to reduction of unnecessary biopsies. Of these methods, strain elastography has been shown to be relatively superior in the detection of benign lesions (15, 17) . Moreover, a strain ratio of over 3 has been shown to be indicative of suspicious malignancy (15, 16, 18, 19) . However, there is no consensus on an ideal value or scoring system for the differentiation of benign and malignant lesions. Therefore, further studies with large patient series are needed. Gheonea et al. (20) evaluated 58 patients with breast masses and reported that the mean strain ratio was 2.08 in benign lesions and 6.28 in malignant lesions at a cut-off value of 3.67. In our study, mean strain ratio was 4.3 in benign lesions as opposed to 5.5 in malignant lesions. Moreover, a significant difference was found between the benign and malignant lesions in terms of elastography scores (p=0.001). It was also revealed that the cut-off value (4.95) was highly sensitive and the strain ratio values established a perfect positive correlation with both BIRADS and elastography scores, which show that strain ratio can be a reliable method in the quantification of breast masses. A recent study showed that BIRADS III lesions pose a low risk of malignancy and show a benign character within a 6-month follow-up period (21) . The incidence of malignancy in BIRADS III and IV lesions has been shown to be 8% and 51.8%, respectively, whereas malignancy has been reported in all BIRADS V lesions (22) . In our study, the incidence of malignancy in BIRADS III and IV lesions was 2.3% and 19.1%, respectively. In the present study, we also investigated the effect of combined use of BIRADS classification and strain elastography on the accuracy of the histopathologic diagnosis. Of the 43 lesions classified as BIRADS III, 42 (97.7%) lesions were histopathologically diagnosed as benign and the remaining 1 (2.3%) lesion was diagnosed as invasive ductal carcinoma. However, in all the lesions, the elastography score was 3 or lower and the strain ratio was 4.5 or lower with a mean ratio of 1.44±0.52. Moreover, the incidence of malignancy in these lesions was 2.3%. Of the 21 lesions classified as BIRADS IV, 17 (81%) were diagnosed as benign and 4 (19%) as malignant. The incidence of malignancy in these lesions was 19%. The 17 benign lesions included 15 fibroadenomas and 2 fibrotic lesions, whereas all the 4 malignant lesions were invasive ductal carcinomas. In these lesions, the elastography scores were 4 or higher and the strain ratio values ranged between 4.5 and 6.
Of the 47 lesions classified as BIRADS V, 32 lesions were histopathologically diagnosed as invasive ductal carcinoma, 11 as fibroadenoma, 2 as fibrotic lesion, 1 as medullary carcinoma, and 1 as lobular carcinoma. The strain ratio value was below 5.5 in 23 out of 47 lesions, of which 12 were histopathologically diagnosed as invasive ductal carcinoma, 11 as fibroadenoma, and 1 as medullary carcinoma. All the lesions with a strain ratio value of 4.4-7.0 had an elastography score of 5.
Literature shows that the strain ratio can be erroneously measured below the cut-off value and the elastography scores can be erroneously measured higher than the actual scores in the presence of fibrosis and invasion in the peritumoral tissues (20) . Moreover, 33 out of 53 lesions that were histopathologically diagnosed as malignant were found to be benign depending on the strain ratio values, which could be attributed to the presence of fibrosis and invasion in the peritumoral tissues. In addition, the strain ratio values of 23 out of 53 lesions were above the cut-off value. These findings suggest that color-coding may not be sufficient for proper differentiation of some lesions and thus combined use of elastography scores and strain ratio values in the evaluation of these lesions could yield more reliable results.
In our study, negative predictive value (NPV) was 10 and the number of false-negative patients was 17 at the cut-off value of 4.95. On the other hand, the positive predictive value (PPV) of BIRADS classification was 60.1% and the NPV was 91% ( Table 2 ). We consider that these findings could be associated with bleeding malignant lesions, cystic lesions, and the tumors with a high risk of necrosis such as medullary carcinoma (23) . Elastographic measurements have been shown to be affected by a number of factors including breast edema and the morphological changes caused by previous breast surgeries such as scarring and fibrosis (20) . Moreover, presence of calcification, organization, abundant stromal cells, and excess fibrosis in the lesion has been shown to decrease tissue elasticity, resulting in false-positive results (20, (23) (24) (25) .
Our study has several limitations. The primary limitation is that we did not use shear-wave elastography which is a novel method that might have yielded better quantitative results. Another limitation is that the strain elastography is operator-dependent and we used a limited number of methods for histopathological diagnosis. The final limitation is that the sonoelastographic examination was not independent of B-mode USG examination, mainly because sonoelastography is performed with colorcoded maps that are superimposed on B-mode USG images.
In this study, unlike the previous studies, we investigated the correlation between strain elastography and BIRADS classification system. The results showed a significant correlation between BIRADS classification system and strain elastography. It was also revealed that the strain ratio values increased as the BIRADS score increased, which shows that BIRADS classification system could be a useful method for the differentiation of BIRADS III and IV lesions, thereby leading to reduction of unnecessary biopsies. In our study, although we had low strain ratio values in some of the malignant lesions, we had high elastography scores in the surrounding tissues. We consider that this situation was caused by the presence of peritumoral invasion or fibrosis in peritumoral tissues. In addition, we also had a high elastography score in the surrounding parenchyma of a benign lesion due to the same reasons. These issues were mentioned in the limitations of our study. We believe that further studies are needed to substantiate our findings.
In conclusion, with this method, unnecessary biopsies can be reduced in lesions with suspicious malignancy. Therefore, we believe that the clinical use of ultrasonographic elastography should be promoted.
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